Fe, Al and Mn hydroxides bound, organic matter bound and residual fraction [5, 6] . Unlike sequential extraction, the single extraction procedure is conducted in order to estimate the elements' mobility and bioavailability, as well as their migration within the soil profile. The sequential extraction procedure is conducted in accordance with different extraction schemes [7] (BCR, Tessier, Gálan, Maiz, Ure, Krishnamurti, Sahuquillo etc.), using specific extraction agents for each of the procedural steps: ammonium acetate, hydroxylamine hydrochloride, hydrogen peroxide and aqua regia [8] . Previous studies show that an exact determination of each soil phase's element content using sequential extraction, as well as single extraction procedure often gives unreliable results, because the selected extraction agent is not selective for both the phase and phase-bound cations simultaneously [9] . For example, NH 4 Cl solution has proved to be more advantageous compared to an NH 4 NO 3 solution for determining the content of exchangeable cations and the effective cation-exchange capacity (CEC e ), although the latter is used as a standard extractant for the mobile fraction of heavy metals [10] . In addition to this, some extraction agents are not equally efficient for cation extractions from all types of soil, while soft extractants cannot be used for trace element extractions, since the extracted concentrations are beyond the detection threshold. Tlusoš et al. [11] reported that determination of the element quantity bound to specific soil phase is strongly dependent on the extracting agents and/ or the applied extraction procedure, which is greatly influenced by extraction temperature, time, soil/solvent ratio and extract separation technique -centrifugation or filtration.
This paper presents new techniques for simultaneous extraction of cations by use of a rotary mixer, microwave digestion system, and ultrasonic bath, in order to obtain soil extract for further cation determinations by means of IC and ICP-AES. The agent used for all extractions was deionized water. The interaction of microwave energy (2450 MHz, 12.2 cm, typically used) with sample and reagents causes both ionic migration and dipole rotation, resulting in fast heating of the suspension with consequent chemical reaction acceleration [12] . The use of microwave energy for soil sample preparation and extraction of herbicides, organophosphorus, and organochlorine pesticides from soil has increased in recent years mainly due to the heating mechanism, resulting in the shortening of extraction and digestion time and the consumption of less extraction agent [13] . Furthermore, ultrasonic cavitation phenomenon, caused by implosion of cavitation bubbles and subsequent local pressure increases and elastic shock waves, has been used until now for soil aggregates dispersion [14] or sewage sludge disintegration [15] . Cavitation, together with turbulent flow of the soil water suspension and acoustic streaming, leads to friction, stressing and dispersion of soil aggregates. Besides the ultrasonic energy, other factors are influencing the fraction of dispersed material, e.g. concentration, temperature and volume of suspension, gas content, position of vessel with soil water suspension in ultrasonic bath etc. [16] . Microwave energy produces localized high temperature and pressure in solution, as well as ultrasound energy, which creates extreme conditions for further chemical reactions to occur. The combination of microwave or ultrasonic energy with different extraction agents can be used for cation and anion extractions from soil sample, which would improve the soil sample extraction technique for the purpose of IC and ICP-AES analyses. The application of IC and ICP-AES for the purpose of environmental sample analysis has often been described in literature [17] [18] [19] [20] [21] .
The sample of serpentine soil, type ranker, was used in the described research as a substrate. Due to the significant influence the soil properties have on the efficiency of a certain extraction agent and thus on the extraction itself, as all previous studies have demonstrated, the sample was subjected to pedological analysis prior to extractions.
Experimental Procedure
The soil sample was taken from a site covered with natural vegetation, in a location -Bubanj Potok, in the vicinity of Belgrade, Serbia, exposed to minimal influences of anthropogenic pollution. The soil sample, weighing 1 kilogram in total, was obtained by combining samples taken from from the surface horizon, rich in humus, from 30 different sites, at a depth of 20 centimeters. The depth of the total soil profile at this location was 50 centimeters. The sample was air dried for 72 hours. After that, large fractions were removed, crushed in a mortar and then sieved through a 1 mm pore diameter sieve. The basic pedological analysis included: determining pH in H 2 O and 1.0 KClpotentiometrically, humus -after Turin's method, adsorptive complex of soil (H, T, S) -after Kappen, determining soil texture by pipette method, determining hydrolytic acidityafter Kappen, determining hygroscopic moisture by drying process, T=105°C, determining moisture loss during heating at T=700°C for 30 minutes and determining soil conductivity by conductometric method.
Deionized water (18.2 MΩ cm) produced by Milli-Q Reagent Grade system (Phenomenex, USA) was used for the extraction and preparation of all suspensions. The substances used for analyses were of high analytical purity. Eluent was made by dissolving tartaric acid (600 mg) and dipicolinic acid (125 mg) in one litre of degassed and deionized water. The eluent was made on a daily basis, and then filtered through 0.2 µm pore size membrane filter (Phenomenex, USA).
For The ICP-AES measurements were performed by simultaneous ICP-AES using a Thermo Scientific iCAP-6500 DUO ICP (Thermo Fisher Scientific, UK) spectrometer, with continuous wavelenght coverage ranging from 166 to 847 nm, equipped with a RACID86 Charge Injector Device (CID) detector, a pneumatic cross-flow type nebulizer, a quartz torch and a quartz detector. Instrumental conditions were set: input power of 1150 W, auxiliary gas flow-0.5 L min -1 , coolant gas flow-12 L min -1 and nebulizer flow-0.7 L min -1 . The extraction suspension was prepared in normal flasks, 50 mL volume, by mixing soil sample with deionized water in ratio 1:10, i.e., 2 g/20 mL. Two series of three extractions each were done by using a rotary mixer (Rotary Mixer Assisted Extraction, RAE in further text) in which the suspension was processed for 22 hours by mixing at 10 rpm at room temperature (20°C). Second technique involved the use of the ultrasonic bath (Ultrasonic Assisted Extraction, UAE in further text) with the suspension positioned at the same place in the bath and the same initial water temperature, 17°C. Two extractions were made for each of the following extraction times: 10, 20, 30, 40 and 50 minutes. The third technique used a microwave digestion system (Microwave Assisted Extraction, MAE in further text) for five extractions at each of the following temperatures: 50, 100 and 150°C. The given temperature was achieved in 15 minutes for each cycle of extraction, while the extraction itself lasted for 15 minutes. After that, the samples were cooled to room temperature. The blank extraction was done for each of the extraction techniques used, with deionized water instead of soil suspension.
The soil samples were subjected to the threestep extraction scheme, suggested by the Standards, Measurements and Testing Programme (BCR, formerly) of the European Commission [4] . Aqua regia was used for the fourth stage of the extraction, according to EPA 3050B digest extract method, for determing the total metal content of the analytes. In order to make a distinction between the easily reducible fraction, bound to manganese oxides, and the moderately and poorly reducible fraction, bound to amorphous and crystaline iron oxides, we modified the procedure, by adding the third extraction step, according to the Förstner extraction scheme [22] . The extracting reagents for the sequential extraction procedure were prepared by dissolving substances, of analytical-reagent grade or higher purity, in deionized water. The sequential extraction was performed in triplicate. Aliquots of 1 g of dry soil sample were weighed into 50-mL polystyrene flasks, and after adding extraction reagents, the flasks were shaken on a horizontal shaker at 150 rpm. The residue was washed with 25 mL of deionized water, and centrifuged at 3000 rpm, prior to the next extraction step. A brief summary of the procedure is shown in Table 1 .
When the extraction processes were finished, each of the extraction suspensions was first centrifuged, then filtered through medium pore sized filter paper and finally through 0.2 µm pore size syringe membrane filter (Phenomenex, USA). The soil extracts, thus obtained, with exception of the EDTA extracts, were acidified by adding 1 µL mL -1 of perchloric acid solution and preserved at 4°C in the laboratory refrigerator for further analysis. After accuracy evaluation the conclusion was that IC analyses presented a RSDs as follows: Li 
Results and Discussion
The measured pH value in KCl (5 g soil: 10 mL KCl) was 6.0, and in deionized water pH value was (5 g soil: 10 mL water) 6.9. The results of other pedological analyses are shown (Table 1) . The lithium ion extraction using a rotary mixer (Table 2 ) gave the same results as the microwave extraction at T=150°C. The extracted quantities obtained at T=50°C and T=100°C by microwave extraction and those obtained by use of the ultrasonic bath (Table 3) were in the range between 0.001 and 0.004 mg/100 g soil measured by ICP-AES, but beyond the detection threshold for IC.
The quantity of extracted sodium ion using the ultrasonic bath shows tendency for a mild increase with increased extraction time; thus, 50 minutes UAE gives the same quantity as the MAE at the highest temperature. It can be concluded, also, that the quantity of Na ions extracted by means of rotary mixer is equal to the quantity extracted by means of ultrasonic bath with 30 minutes of extraction time, while the quantity extracted by MAE at T=100°C was lower (Table 4) .
The highest ammonium ion concentration was extracted by means of UAE, with an extraction time of 10 minutes. With the extraction time increased to 30 minutes, the quantity of extracted ammonium ion gradually decreases to a value that remains constant regardless of further increases in the extraction time ( Fig. 1) , but still two times higher than the one extracted by RAE. Microwave extraction at T=150°C resulted in half the amount of the extracted ammonium ion compared to 10 minute UAE, but still 4 times higher than the one extracted by RAE.
The amount of potassium ion extracted by UAE was constant regardless of the extension of extraction time, while in the case of MAE the amount of extracted ion showed tendency to increase with an increase in the extraction temperature (Fig. 2) . Thus, microwave extraction at T=150°C resulted in higher potassium ion quantity than that obtained by means of the ultrasonic bath. The RAE of potassium ion with extraction time of 22 hours was least efficient, giving half the amount of the one extracted by UAE.
When it comes to calcium ion extraction, the MAE was the most efficient, giving, at T=100°C, an extracted amount that was 1.7 times higher, and at T=150°C even 5.2 times higher, than the one obtained by RAE. The quantity of calcium ion extracted by UAE showed an increase with increased extraction time (Table 3) , and the average obtained amount by means of ultrasonic bath was equal to the amount extracted by MAE at 50°C. Considering magnesium ion, the higher amounts that were extracted correspond to the properties of the soil itself, since ranker over serpentine type of soil has the ratio Ca: Mg<1, unlike other soil types. An interesting fact was that the ratio of the extracted magnesium ion amount and calcium ion amount was 2.1 for all extractions that involved MAE technique, 2.9 in the case of RAE, and 4.3 for all extractions that involved UAE technique (Fig. 3) . Therefore, it can be concluded that, within each of the extraction techniques, Mg/Ca extracted ion amount ratio remained constant regardless of the extraction parameters variations.
The amount of cadmium ion extracted by RAE was 1.5 times higher than the average amount obtained by UAE for all extraction times (Table 5) . Microwave extraction at T=50°C and 100°C resulted in 10 a times lower extraction amount compared to the amount extracted by RAE. The temperature increase to T=150°C gave significantly higher amount of extracted cadmium ion, but that was still half of the amount obtained by RAE.
The highest amount of zinc ion was extracted by use of rotary mixer and was 3.6 times higher than amount obtained by use of microwaves at the highest temperature (Tab. 6). The quantity extracted by means of UAE did not show any increase with the extension of the extraction time, with the average quantity equal to the one obtained by microwave extraction at T=150°C.
The amount of extracted cobalt ion obtained by UAE and RAE was quite low, close to or even below the detection threshold (Table 5 ). The quantity of cobalt ion extracted by use of microwaves increases 5.8 times with the rise of extraction temperature: From 5.06 that was extracted at T=100°C, to 29.49 μg/100 g of soil, extracted at T=150°C.
The MAE at T=150°C resulted in the highest amount of manganese, nickel and lead extracted ions compared to any other extraction techniques used (Table 6) . Ranker over serpentine soil type is characterized by high concentrations of Ni, Cr and Mn ions, and a lack of essential nutrients such as available nitrogen, potassium, and phosphorus necessary for the growth of agricultural species [23] .
When it comes to manganese ion, the amount extracted by MAE at the highest temperature was 25 times higher than the average amount obtained by use of ultrasonic bath for all extraction times, and even 190 times higher than the amount extracted by use of rotary mixer.
In the case of nickel ion, the ratio between the amount extracted by MAE at T=150°C and the average amount extracted by UAE was 3.1, which was lower than in the case of manganese.
The lowest ratio between amount extracted by MAE at T=150°C and the average amount extracted by UAE was 1.7 in the case of lead ion. The ratio between the amount extracted by means of a microwave digestion system at T=150°C and the amount extracted by use of rotary mixer was 4.7 for the nickel ion and 2.7 for the lead ion. This leads to the conclusion that, in the case of these three metal ions, the most effective was the extraction by use of the microwave digestion system at the highest temperature, with the use of ultrasonic bath as second best (Fig. 3) .
The UAE was, on average, giving 1.6 times higher amount of chromium ion compared to MAE at the highest extraction temperature, and even up to 3 times higher than the amount obtained by the use of a rotary mixer.
The highest quantity of copper ion was extracted by UAE with the extraction time of 50 minutes (Table 5 ). This quantity amounted to 457 μg/100 g of soil.
The copper ion amount extracted by use of ultrasound bath varied with the increase of extraction time. The average amount extracted by use of this technique, taking into consideration all extraction times, was equal to the one obtained by use of rotary mixer, that is, 5 times higher than the highest amount extracted by use of microwaves.
The amount of the extracted iron ion was 29-35% higher than the amount of aluminium ion that was obtained, which indicates that these two cations underwent the same variations for each of the applied extraction techniques. The only exception to this was the soil extract obtained by microwave extraction at T=100°C and T=150°C which contained more aluminum than iron. The average extracted amounts of iron and aluminum ions obtained by means of ultrasound bath was several times higher than the amounts extracted by use of a microwave digestion system at T=150°C and rotary mixer.
Considering the UAE technique, the extracted amount of cations varied directly with the length of the extraction time, which can be explained by the effect provided by MAE at different temperatures. Cation, peak No: lithium, peak 1; sodium, peak 2; ammonium, peak 3; potassium, peak 4; calcium, peak 5; magnesium, peak 6. of ultrasonic energy on the soil suspension which is, alternately, influencing the processes of ion adsorption and desorption (Fig. 1 ). Ultrasonic energy can cause soil particle fragmentation and soil aggregate disintegration, thus increasing the surface area available for reactions with the extraction agent. Hwang et al. [24] reported that UAE efficiency increased with the sonication time and was highest at 12 minutes; Väisänen et al. [25] reported the optimal extraction time was 9 minutes. Besides the ion adsorption and desorption processes, this can be explained with the formation of new chemical species with longer sonication time due to the recombination of reactive groups under the extreme conditions in the suspension [26] . Still, the main advantages resulting from UAE, but also MAE, comprise the reduction of the procedural time and reagent consumption [27] .
Considering the MAE technique, as expected, there was an obvious positive correlation between the amount of extracted ions and extraction temperature (Fig. 2) . The variations in the extracted ion amount, due to the use of different extraction techniques, were minimized in the case of alkali ions, Li, Na, K, and ammonium ion. For these cations, the MAE technique was almost equally efficient as either of two other techniques, UAE or RAE.
In the case of K ion, the extracted amounts obtained by UAEs were almost constant for all extraction times. The extension of the extraction time in the case of the UAE technique, as well as the extraction temperature rise in the case of the MAE technique, had a negative influence on the amount of extracted ammonium ion. In the case of Ca and Mg ions, the use of MAE technique at the highest temperature was most efficient. In contrast to alkali ions extraction, the extractions of Ca and Mg ions at T=150°C gave a significantly higher amount of extracted ions than the extractions using two other techniques.
Comparing to two other techniques, UAE was the most efficient in the case of Fe, Al, Cr and Cu ions, giving significantly higher extracted amounts (Fig. 3) . Also, significantly higher extracted amounts are noticed in the case of Co and Mn ions, by use of microwaves and Zn ion by use of a rotary mixer.
Several studies have been carried out in order to decrease the long treatment time of sequential extractions [28] [29] [30] . The results of these studies, obtained upon application of ultrasound for the sample preparation, indicate that ultrasound-assisted conventional sequential extractions can be accomplished within 20-30 minutes. Therefore, good agreement between the results obtained by conventional and the results obtained by ultrasound-assisted extractions was attained, particularly in the case of BCR extraction schemes. The use of microwaves for speeding up the conventional extractions, according to some researches, showed, in general, worse performance, compared to the use of ultrasound, with exception in case of sewage sludge extractions [31-33]. As indicated above, in our study conducted on serpentinite soil samples, the influence of microwave and ultrasonic energies on the soil sample preparation has been found to be significant, however, not only because of a possible decrease in the extraction time. It is significantdue to exhibited selectivity for metal species, observed through big differences in amounts of extracted cations, by use of microwaves and ultrasound. Therefore, it can be concluded that microwaves and ultrasound cannot simply replace conventional treatments like conductive heating, in each of extraction steps of sequential procedure, as was attempted in previous studies, but it can be used in other ways for sequential extraction improvement.
The results of the sequential extraction procedure, obtained for Cd, Co, Cr, Cu, Ni, Pb, Zn, Fe, Al and Mn, are shown in Table 2 . For extracting water soluble and exchangeable metal fractions, as well as for carbonate bound metal fractions, 0.11 mol L -1 acetic acid (HOAc) was used. Due to the formation of metal acetate complexes, readsorption of the cations was prevented. For extracting metal fractions bound to iron and manganese oxyhydroxides, 0.1 mol L -1 NH 2 OH•HCl / HNO 3 , pH 2 was used. The organically bound metal fraction was released by oxidation of the organic material using 30% (8.8 mol L -1 ) H 2 O 2 / HNO 3 , pH=2. Considering the fact that we used deionized water as the extracting agent, the extracted amounts of the cations are significantly lower, compared to the amounts extracted by means of Most of the sequential extractions include 3-7 extraction steps, and, during each step, the applied chemical agent should extract a certain portion of metal species bound to the specific soil phase. However, because of the lack of selectivity or/and efficiency of the extracting agents, the extraction procedures are not harmonized. The introduction of microwaves and ultrasound requires further investigations; first of all, in order to determine whether they have the same effect on different soil samples, and second, to explore whether they can contribute to the efficiency of chemical extractants. Under some conditions they could be used in certain particular extraction steps, in combination with chemical extractants for efficiency enhancement and for improvement of the time-consuming sequential extractions.
Conclusion
It can be concluded that the extracted amount for each of the cationsare obtained by the microwave digestion system and correlate positively with increasing the extraction temperature. In contrast to this, in the case of the extraction by use of the ultrasonic bath, there was no positive correlation between the amount of extracted cations and extraction times. In addition to this, in the case of Cd and Zn ions, the most efficient extraction technique was RAE; in the case of Na, K, Ca, Mg, Co, Mn, Ni, Pb, and ammonium ions, MAE at the highest temperatures appeared to be the most efficient. For Cr, Cu, Fe, and Al ions, the UAE technique was the most efficient. For Li ions, the RAE and MAE at the highest temperature appears to give the same result. Introduction of new techniques for element extractions from soil can be substantial for the improvement of extraction procedures. However, our observation shows that use of microwaves and/or ultrasound to speed up the conventional sequential extraction procedures cannot be conducted, since both exhibit a certain selectivity for the metal species, regardless of the experimental conditions, like extraction time or temperature. In relation to this, application of microwaves and ultrasound on other soil samples should be further investigated. If the results for other soil types would show that microwaves and ultrasound exhibit certain selectivity for cations dominantly bound to specific soil phase, like in case of serpentinite soil, the combination of the ultrasonic and microwave energies, with different extraction agents for particular steps of sequential extractions, would be substantial for extraction procedure enhancements. 
